The green turtle Chelonia mydas is an Endangered species that forms aggregations at neritic foraging sites where juveniles spend, in some cases, over a decade before moving to adult-or subadult-dominated foraging sites. Here, we used photographic identification, behavioural observations, paired-laser and stereo-photogrammetry to determine the population dynamics of a coastal aggregation of green turtles in Oslob, Philippines. We identified a total of 82 individual turtles between May 2012 and October 2018. We recorded behavioural observations during individual identification and found that turtles changed behaviour in 25% of instances. Some turtles were identified consistently throughout the study period, indicating strong site fidelity and residency. Modified maximum likelihood models suggest turtles spend the majority of their time within the study area (> 92%), although some (8%) excursions outside the area do occur. Markrecapture models suggest this foraging aggregation exhibits a pattern similar to that of a closed population. This is likely due to the extended residency periods of some individuals at the site, and the relatively low recruitment rate over time. We measured 18 turtles using paired-laser photogrammetry, with estimated straight carapace length of 55.3 cm, and mean growth rates of 3.4 cm yr −1 . Stereo-photogrammetry measurements were consistent and more accurate than visual or paired-laser photogrammetry estimates. Our results highlight the use of in-water methods to understand population dynamics of green turtles, and the importance of coastal, juvenile-dominated habitats for green turtles, as well as the need for effective conservation and management strategies to safeguard them.
INTRODUCTION
The green turtle Chelonia mydas (Linnaeus, 1758) is a circumglobal species of marine turtle that inhabits tropical, subtropical and temperate waters (Groombridge & Luxmoore 1989) . It is listed in Appendix I of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), and in Appendices I and II of the Convention of Migratory Species (CMS). The species is listed as Endangered in the IUCN Red List of Threatened Species due to continued exploitation and population declines of some populations across all major ocean basins (Seminoff 2004) . Coupled with the take of eggs (Cruz 2002) and the direct and indirect take of juveniles and adults (Wallace et al. 2010) , other threats such as climate change (Baker et al. 2006 , Solomon et al. 2007 ), degradation of nesting and foraging habitats (Duran Najera 1990 , Eckert et al. 1999 ) and ingestion of debris and plastics (Bugoni et al. 2001 ) hinder recovery of green turtle populations. Understanding their life history and associated habitats in detail is therefore of utmost importance in order to design informed conservation strategies.
In the Philippines, turtle conservation spans almost 4 decades with the creation of the Task Force Pawikan through an executive order in 1979, and the inclusion of turtle species in the Wildlife Resources Conservation and Protection Act of 2001 (RA-9417). However, turtle populations have declined substantially over the past century from direct take of adults and juveniles for their carapace and meat as well as egg harvesting for consumption across the country (Cruz 2002) . A more recent study revealed indigenous communities legally taking turtles and harvesting eggs, but then illegally selling these in a growing black market (Poonian et al. 2016) . Most of the work to date (Trono 1991 , Chaloupka 2001 , Cruz 2002 , Sagun 2004 , Lejano & Ingram 2007 has focused on the largest green turtle rookery in Southeast Asia, the Turtle Islands Heritage Protected Area (TIHPA), a bilaterally protected area between the Philippines and Malaysia in the southwest Sulu Sea (Pilcher 2007) . Based on flipper tagging data, nesting turtles from TIHPA travel across the Philippines and cross international boundaries (Sagun 2004) . The government of the Philippines is pushing for the creation of a network of marine protected areas (MPAs) to protect known nesting sites and migratory routes within the Sulu Sulawesi Seascape, including TIHPA, El Nido-Taytay in northern Palawan and Tubbataha Reefs Natural Park (TRNP) in the central Sulu Sea. Little work, however, has focused on foraging turtles (TRNP as the exception), despite substantial evidence indicating nesters from other countries forage in the Philippine archipelago (e.g. Sagun 2003 , Maison et al. 2010 , Dutton et al. 2014 , Pilcher et al. 2019 . Understanding their local habitat use, population ecology and demographics is a research priority, as highlighted by Wildermann et al. (2018) .
One technique commonly used to study green turtle population ecology and demographics is the application of individual flipper tags. Tagging programmes have been employed across their range, with some studies extending over decadal time scales (e.g. Union Creek, Bahamas; Bjorndal et al. 2005) . Tagging typically involves the live-capture of a turtle and the attachment of a plastic or metal tag with a unique number to its flippers, along with the documentation of other parameters (e.g. size, weight, etc.; Limpus 1992) . Tagged turtles need to be subsequently recaptured to determine growth, residency and other population demographics, or to examine migration patterns (e.g. Sagun 2003) . Tags, however, have the risk of detaching from the turtles (e.g. Reisser et al. 2008) , and if this happens, the identification and data from these turtles is lost (Limpus 1992) . The risks of injury and stress are also of concern when capturing a wild animal for tagging purposes. To minimise these risks and in areas where live-capture of turtles is logistically or politically impossible, less invasive in-water techniques can be employed to address some of these concerns.
In other marine taxa, photographic identification (photo-ID) has been used for capture-mark-recapture (CMR) studies, such as sperm whales Physeter macrocephalus (Whitehead 2001) , whale sharks Rhincodon typus (Araujo et al. 2017 ) and raggedtooth sharks Carcharhinus taurus (Van Tienhoven et al. 2007 ). Photo-ID typically employs natural markings on animals that can be individually identified and do not change over time. This method relies on photographic 'captures' and 'recaptures' with no need to physically handle the animals or 'mark' them. In marine turtles, the use of photo-ID has proliferated in recent years (Reisser et al. 2008 , Schofield et al. 2008 , Jean et al. 2010 , Chassagneux et al. 2013 , Dunbar et al. 2014 , Carpentier et al. 2016 , opening new opportunities to study these animals in their natural environments whilst minimising disturbance (Araujo et al. 2016) . Photo-ID of green turtles relies on their unique facial scute patterns, which are reportedly stable for at least 11 yr (Carpentier et al. 2016) . Although longer-term data sets (i.e. decadal) are needed to fully understand their stability, photo-ID can be used to understand some population demographics (e.g. residency; Araujo et al. 2016) .
Another in-water technique that can be employed to understand the dynamics of a population is pairedlaser photogrammetry. This technique can be used to size individual animals within a population by projecting 2 laser dots, set at a known distance apart, onto the target animals while recording video or photographs (Rohner et al. 2011) . Size data for vulnerable species is important as it can be used to determine several factors, including growth rates (Bjorndal & Bolten 1988) , size-at-maturity (Rohner et al. 2015) or overexploitation (Jennings & Kaiser 1998) , amongst others. Although for turtles, size-atmaturity cannot be externally determined (Limpus & Chaloupka 1997) , photogrammetry has been used to determine the age class of a foraging aggregation (e.g. Araujo et al. 2016) . Similarly, stereo-photogrammetry can be used to measure free-swimming marine animals (Santana-Garcon et al. 2014 ). This technique employs 2 cameras mounted at a preset angle and distance on a frame, which are calibrated with specialised software to extrapolate linear distances within captured images (see Shortis & Abdo 2016) . This system has been used for measuring sharks with < 5% error (Klimley & Brown 1983) , shallow-water fish with an operating error of 0.2−0.7% (Harvey et al. 2004 ) and baleen whales with a ~3% error (Spitz et al. 2000) . Given the accuracy of this approach, and the recent improvement and accessibility of the system via the use of relatively low-cost action cameras and open source software (Shortis & Abdo 2016) , stereo-photogrammetry can be a useful technique for validating other broadly determined size estimates made using methods such as visual estimates (Araujo et al. 2017) . This latter method relies on researchers visually estimating the size of an animal in-water based on objects of known lengths (e.g. swimmers, boats), but is known to carry an inherently high degree of error (Rohner et al. 2015 , Sequeira et al. 2016 .
Understanding the growth of individuals within a population is important for life-history models (Bjorndal & Bolten 1988) . Typically, CMR studies record the curved carapace length (CCL) or the straight carapace length (SCL) of individual turtles through capture, and then growth rates are measured at a later stage after recapture (Bjorndal & Bolten 1988) . The SCL or CCL can then be calculated to determine the growth rate of the individual (Seminoff et al. 2002) . Growth rates in green turtles vary greatly across populations and can be influenced by temperature, diet, competition, genetics and age (Bjorndal et al. 2000) . The range is from 0.9−10.7 cm yr −1 (summary in Andrade et al. 2016) , and shows monotonic (e.g. Caribbean) or non-monotonic (e.g. west Pacific) growth amongst individuals of varying sizes (Limpus & Chaloupka 1997 , Bjorndal et al. 2000 . Photogrammetry coupled with photo-ID can, in theory, be employed to determine growth rates, although this has not yet been tested on marine turtles.
Here, we investigated the use of in-water methods to determine the population dynamics of a foraging ag gregation of green turtles in the Visayas region of the Philippines. We used photo-ID and modified maximum likelihood methods to model residency, population size, mortality and lagged identification rate (LIR). We used laser photogrammetry to measure size and growth, and stereo-photogrammetry to test the accuracy of visual size estimates and laser measurements. We report behavioural observations of tur-tles in-water and discuss the usability and importance of these data.
MATERIALS AND METHODS

Study site
Our study was conducted in a demarked area in the waters of barangay (village) Tan-awan, ca. 14 km south of the town of Oslob, Cebu Province (Fig. 1) . A detailed description of the study site is given in Araujo et al. (2016) , but briefly, a ~65 000 m 2 demarked area is used between 06:00 and 12:30 h as an interaction area where whale shark Rhincodon typus, Smith 1828 feeding attracts > 500 000 tourists yr −1 (Local Government Unit, Oslob unpub. data for 2018). During tourism hours, fishing is not permitted in the demarked area.
Seagrass represents the majority of the substrate 2−9 m deep within the interaction area. We conducted haphazard point transects across this area and identified the seagrasses as Cymodocea rotundata, C. serrulata, Halodule uninervis, H. pinifolia, Halophila ovalis, Syringodium isoetifolium, Enhalus acoroides and Thalassia hemprichii (Fig. 1C ). Patchy coral over sand dominates from 9−16 m deep (Fig. 1C ). Green turtles are typically encountered either foraging on seagrass meadows (primarily on H. uninervis, H. ovalis and T. hemprichii), resting on or under coral reef structures or free-swimming anywhere within the interaction area.
Turtle surveys, photographic identification and behavioural observations
Turtle surveys lasted 1 h and were conducted between January 2015 and October 2018. Turtles were opportunistically encountered outside dedicated surveys, and photo-ID and behavioural data were also collected on such occasions, including some from 2012, 2013 and 2014. Surveys involved 1 researcher, who snorkelled from shore and haphazardly searched for turtles within the demarked area. Upon encountering a turtle, the researcher recorded the initial behaviour of the turtle, categorised as feeding, swimming or resting. Following classification of that initial behaviour, researchers photographed the turtle's facial scutes, perpendicular to the animal, prioritising the left facial side. A photograph of the right facial scutes and carapace were also collected to aid identification when possi-ble. No strobes or flash were used during photo identification. A minimum distance of 2 m was kept between the researcher and the turtle for identification purposes. Following the collection of photo-ID data, the turtle's behaviour was noted again. The SCL was visually estimated at the end of each encounter in 5 cm increments. Although this method is prone to bias and error even with experienced researchers, it can help categorise the size class of individuals at the study site (Sequeira et al. 2016 ). Here, we defined an encounter as the successful identification of a turtle at a specific place and time.
Photo-ID validation
Photo-ID data was visually matched against a local database containing left and right identification images for each turtle. Once the turtles had been identified by a first researcher, these were then checked and validated by a second researcher. We then employed the pattern-recognition software I 3 S Pattern (www. reijns. com/ i3s) to confirm researchers' visual identifications. Only images assessed to be < 30° from a right angle to the right or left facial scutes of the turtle were used, as recommended in the software manual. All validated turtle encounters were subsequently input into a spreadsheet for further analyses.
Biometric methodologies
Following initial identification of individual turtles as described above, turtles were measured using paired-laser photogrammetry methods described by Araujo et al. (2016) in September−October 2018. For consistency, we selected images for measurement that were taken from 2−3 m from the carapace. A paired-laser photogrammetry encounter yielded between 1 and > 50 images if the turtle was undisturbed. All photographs that appeared to be >10° from the longitudinal midline of the carapace were discarded, yielding a total of 403 images for measurements (1−44 per turtle measured). Turtles measured by Araujo et al. (2016) in October and December 2015 were used to assess their growth rates. Growth rates (cm yr −1 ) were calculated as ΔSCL /t (Seminoff et al. 2002) , where ΔSCL is the SCL final − SCL initial , and t is the time interval between measurements.
To validate the accuracy of the paired-laser photogrammetry setup, we used a stereo-photogrammetry system known to be consistently accurate to < 5% error across different taxa. Two GoPro Hero 4 Silver cameras were placed 70 cm apart inside SeaGIS underwater housings (www.seagis.com.au). These were fixed to a stainless steel frame, and angled ~8° towards the centre of the frame. A researcher snorkelled the study site looking for turtles and followed the same protocol described above for laser-photogrammetry. The system was calibrat ed by measuring a calibration cube with multiple points set at known distances from each other, and distance measurements were conducted using the software CAL © (www.seagis.com.au). The software EventMeasure © (www.seagis.com.au) calculates the length of objects in the field of view through a photometric network programmed during calibration of the system (see Harvey et al. 2002) . Measurements were taken from right and left camera pairs of images of a turtle, manually selecting the start and end of an individual's carapace in each pair of images. Measurements with < 20 mm root mean square error were deemed acceptable (SeaGIS 2019).
We used a Shapiro-Wilks test for normality of the visual estimates, paired-laser and stereo photogrammetry measurements. We tested the homogeneity of variance among the different methods using Bartlett's test (Montgomery & Runger 2007) . Given the normality of the measurement data, we ran t-tests to test for significance among measurement methods.
Drivers of turtle encounters
In order to understand variability in turtle sightings at the study site, we recorded in-water observations and environmental variables. We used horizontal vis-ibility (m), swell (m), Beaufort sea state (1, 2, 3, 4, 5), sea surface temperature (SST; °C), current (none, mild, moderate, strong), tide (time to high tide) and moon irradiance (%). To avoid bias in time of day, only surveys starting at 10:00 h were used as these represented the majority of surveys (n = 511) between February 2015 and October 2018. SST was extracted from NOAA's Optimum Interpolation SST v2 (NOAA/OAR/ESRL PSD; https:// www. esrl. noaa. gov/ psd/) using weekly averages with a 0.5 × 0.5° resolution. Daily averages were incomplete so weekly averages were used. We fit a generalised linear model using a binomial distribution (using package 'mass' in R) to test whether these variables affected turtle encounter rates (turtles identified per hour of survey). We used the 'drop1' function in R, where each variable selection is tested independently with a chi-squared test, and used Akaike's information criterion (AIC) for model selection (Burnham & Anderson 2002) .
Population modelling
Modified maximum likelihood methods were used to model residency and LIR (the probability that a photo-identified individual will be resighted at the site after a certain time lag) for turtles at the study site (Whitehead 2001) . In total, 8 models were tested against the empirical photo-ID data spanning > 6 yr, with varying parameters of population size, residency in and out of the study site, emigration, reimmigration, mortality or permanent emigration and population closure (see Table 1 ). Models were evaluated for goodness-of-fit using the quasi-AIC (QAIC) to account for data over-dispersion (Whitehead 2007) . The best-fit model was then bootstrapped for 100 repetitions to provide 95% CI and SE. We used the 'Movement' module in the program SOCPROG 2.7 for these analyses (Whitehead 2009 ).
In order to estimate the population size, N (as estimates of N are not produced through the LIR methods described above), we normalised the data to account for effort using only captures and recaptures from 10:00 h surveys between October 2014 and October 2018, and applied an open population Jolly-Seber model (adapted from Schwarz & Arnason 1996) using the POPAN option in program MARK (White & Burnham 1999) . The model applied x capture occasions to calculate capture probability (p), x − 1 to determine apparent survival (ϕ), probability of entry into the population occasion −1 (β), and super population size (N ). A logit-link function was fitted to constrain β parameters to <1 to avoid convergence problems (White & Burnham 1999) .
All statistical analyses were conducted using program R v.3.4.4 (R Core Team 2018; www.R-project. org).
RESULTS
Green turtle population
At the study site in Tan-awan, we recorded a total of 6626 encounters with green turtles over a period of 1442 survey days between 12 May 2012 and 15 October 2018. The encounters were with 82 individual green turtles, based on their unique facial scute patterns. The longest period between first and last encounter occurred for individual COST7, over a period of 2343 d (6.4 yr). A further 9 individuals were identified with at least 5 yr between first and last encounters ( Table S1 in the Supplement at www. intres. com/ articles/ suppl/ n040 p207 _ supp. pdf). Of the 82 individuals identified, 28% (n = 23) were only encountered once, contrasting with 22% (n = 18) that were encountered on at least 100 survey days. We encountered 4.5 ± 2.6 (mean ± SD) individual turtles during the 1 h surveys (range: 0−13 ind.). Recruitment of newly identified individuals showed no sign of an asymptote for the duration of the study, indicating an open population at the site (Fig. 2) .
Drivers of turtle encounters
A total of 511 sessions (1 h each) conducted between 6 February 2015 and 15 October 2018 were used to assess variables affecting turtle encounter rates at Tan-awan. Table S2 summarises the model outputs. Higher Beaufort sea state (Beaufort sea state of 3) negatively affected turtle encounter rates (p < 0.05). As expected, increasing visibility (in m) was positively correlated with the number of turtles encountered (p < 0.01). Similarly, the higher the temperature, the more turtles were encountered on effort (p < 0.01). A moderate current also increased the encounter rate (p < 0.05). No other variables were found to affect encounter rates (all p > 0.05).
Photogrammetry and growth rates
We measured a total of 16 individual turtles using paired-laser photogrammetry between Octo-ber and December 2017, and 18 individuals between September and October 2018 ( Table 1) . The mean SCL for turtles in 2017 was 55.3 ± 9.7 cm (range: 39.7−73.8 cm), and 55.3 ± 12.0 cm (38.6− 81.0 cm) in 2018. The visually estimated mean SCL for those turtles measured in 2018 was 51.1 ± 14.1 cm (28.6−80.3 cm).
Twelve of the turtles had been previously measured in October−November 2015 by Araujo et al. (2016) using the same methods. These turtles were re-measured in 2017, and had a mean growth rate of 2.6 cm yr −1 . There were 12 turtles measured in 2018 that had also been measured in 2015 by Araujo et al. (2016) , and these had a mean growth rate of 3.3 cm yr −1 . Thirteen turtles measured in 2017 were re-measured in 2018, showing a mean growth rate of 4.4 cm yr −1 , representing an overall growth rate for turtles at Tan-awan of 3.4 cm yr −1 .
We obtained stereo photogrammetry measurements for 22 turtles, with a mean SCL of 61.2 ± 14.4 cm (43.3−94.4 cm). Calibration measurements of the calibration cube following EventMeasure © protocol were consistently < 3% error (n = 52). Overall, visual and paired-laser photogrammetry tended to underestimate the size of the turtles. All size estimates are summarised in Table 1. Visual estimates, paired-laser and stereo photogrammetry measurements were normally distributed (Shapiro-Wilks p = 0.63, 0.64 and 0.19 respectively), with equal variance between them (Bartlett p = 0.72). There was no significant difference between visual size estimates and paired-laser photogrammetry measurements (T 33 = −0.96, p = 0.34), and no significant different between paired-laser and stereo photogrammetry measurements (T 38 = −1.42, p = 0.16).
We found a significant difference in size estimates between visual and stereo measurements (T 37 = 2.24, p = 0.03).
Residency and LIR
With the entire data set, Model D (Table 2) was the best-fitting model with the lowest QAIC describing a closed population. However, the empirical data set clearly showed continued recruitment of individuals into the aggregation over time, indicating an open population (Fig. 2) , and we therefore selected the next best-fitting model (Model H) containing parameters for emigration, reimmigration, residency and mortality. The LIR decreased little, from 0.06−0.05 between 0 and 1000 d, after which it steeply declined to 0.026 after 2100 d but never reached 0 (Fig. 3) . The model estimated that a mean (± SE) of 15.4 ± 2.3 (95% CI: 12.0−20.3) turtles were present on any given day at the study site, and they remained for a mean of 56.4 ± 5.5 d (46.5− 65.4 d), spending a mean of 4.5 ± 2.9 d (0.1−10.7) outside the study site. Mortality or permanent emigration was estimated at 0.00022 ± 0.00001 (0.00005− 0.00042) .
The POPAN extension open pop ulation model in program MARK (White & Burnham 1999) for the period October 2014 to October 2018 (79 unique IDs) converged to provide a population estimate for Tan-awan of 88.4 ± 6.2 (81.9−109.5) individual turtles. This number does not represent the overall population of turtles at large, but rather the number of turtles utilising the site. Table 2 . Model results for modified maximum likelihood methods using parameters to test for green turtle population closure, mortality and permanent emigration, re-immigration and residency as preset in program SOCPROG 2.7 (Whitehead 2009 ). N: population size; QAIC: quasi-Akaike information criterion. Bold text highlights the best-fit models
Turtle behaviour
We recorded a total of 4390 initial behaviours for 66 turtles between 14 July 2014 and 19 December 2017. Turtles were observed swimming 53% (n = 2325) of the time, feeding 33% (n = 1461) and resting 14% (n = 604) of the time. We recorded changes in behaviour (i.e. feeding to swimming or resting to swimming) of individuals between the start and end of an en counter whilst collecting photo-ID on 1094 occasions, representing an overall change in behaviour in 25% of encounters. We used linear regression to determine whether the number of encounters influenced response for turtles with ≥5 behavioural observations, and found no significance (r 2 = 0.00503, p > 0.05).
DISCUSSION
This study employed minimally invasive in-water techniques to understand the size, growth, behaviour, residency and abundance of green turtles at a juvenile aggregation in the Philippines. Some individuals displayed extended residency periods at Tan-awan, with recruitment to this coastal aggregation over time showing no signs of asymptote, indicating an open population. The in-water methods employed herein highlight improved accuracy and accessibility to turtles in order to assess populationlevel information (e.g. size class, residency, relative growth, behaviour). These methods are non-invasive in nature and although there are some inherent limitations, they present an alternative to conventional turtle studies that involve the live capture of animals.
Our results indicate, as expected, that visibility significantly affected encounter rate. Given that more than half of all encounters were recorded with freeswimming turtles, better visibility allowed for easier detection of the swimming individuals, and while it cannot be used as an indicator of turtle abundance, it can help design survey protocols. SST positively affected encounter rate. Green turtles are susceptible to changes in water temperature (e.g. Heath & McGinnis 1980) and although the seasonal variance in the western Bohol Sea is ca. 3°C (Gordon et al. 2011) , it is possible that turtles simply avoid or capitalise on foraging opportunities during specific hours of the day (Southwood et al. 2006) . We used SST from remotely sensed data, with relatively low resolution that, in highly dynamic coastal ecosystems, is not sensitive enough to detect diurnal variations in turtle abundance, as perhaps in situ sampling or fitting temperature−depth recorder tags on the turtles would (e.g. Standora et al. 1984) . Perception and availability bias may also affect detectability of turtles as highlighted by Williams et al. (2017) . Future work should standardise data collection protocols, including visibility (to ensure unbiased detection of turtles in-water) and in situ temperature logging to fully elucidate the daily activity of turtles at the study site if accurate estimates of abundance are needed.
Paired-laser photogrammetry is a useful tool for determining the size and growth rates of Chelonia mydas in-water. Although our sample size was comparatively small, this aggregation displayed no apparent size-specific growth, which is similar to studies in Florida (Mendonça 1981) and, more locally, in Malaysia (Pilcher 2010a) . Interestingly, the average growth rates reported here (3.3 cm yr −1 ) are comparable to another juvenile aggregation in the region, at Mantanani in Sabah, Malaysia, where immature turtles grew on average 3.6 cm yr −1 (Pilcher 2010a ) and primarily feed on seagrasses (Halophila ovalis and Halodule uninervis) . Similarly, at a remote atoll aggregation at TRNP in the Sulu Sea ca. 400 km southwest of Tan-awan, growth rates were ~2.5 cm yr −1 , also displaying monotonic rates (N. Pilcher pers. comm.). TRNP has been a well-managed MPA (Murray et al. 2018) for 3 decades, and thus this aggregation might have a higher density of turtles than Tanawan or Mantanani. Turtles at TRNP are known to feed on seagrasses, although some evidence of macroalgal ingestion exists (Pilcher 2010b ). These Table 1 ). Note the steady LIR to 1000 d before steeply declining. Error bars show SE results indicate that Southeast Asian tropical, juvenile-dominated aggregations feeding primarily on seagrasses have growth rates of 2.5−4 cm yr −1 , and reside for 6−15 yr at these juvenile-dominated foraging grounds before moving on (Pilcher 2010a ). Although we found no significant difference in size estimates between paired-laser photogrammetry measurements and visual estimates, the consistency provided by the laser approach and the lack of subjectivity that visual estimates inherently have makes it a more appropriate tool for determining relative growth (Rohner et al. 2015) . Researchers consistently underestimated the sizes of turtles through visual estimates, as did the paired-laser photogrammetry measurements as validated by the stereo-video camera system, similar to the findings of Sequeira et al. (2016) on whale sharks. Interestingly, at Apo Island (Fig. 1B ) ~44 km south of Tan-awan, stereo-measured green turtles had a mean SCL of 61.0 cm (n = 39; authors' unpubl. data), similar to those reported here. Our stereo-photogrammetry approach on turtles, a first for this taxa, failed to show significant differences in size measurements compared to pairedlaser estimates -but it did when compared to visual estimates, highlighting the need for consistency in measurements. The system employed here did produce consistent measurements with < 3% error, ideal for obtaining accurate measurements of animals within a population (e.g. Sequeira et al. 2016 ), estimating biomass (e.g. Langlois et al. 2012) or estimating the growth rates of individuals over time. However, as of 2019 the stereo-camera system, calibration cube and EventMeasure © program cost >AUD $10 000, which can be a major deterrent, particularly in developing or poorly funded regions. Given the <AUD $1000 cost (in 2019) of the paired-laser system, which can still produce relatively accurate growth and size estimates, this system may be more practical for research in regions with budgetary restrictions. Some systems (e.g. Letessier et al. 2015 , Delacy et al. 2017 ) have been developed, however, that produce similar accuracies at a lower cost (~AUD $1500). Although some of these systems need further testing in the field, opportunities exist for higher-accuracy measurement systems that do not require the live capture of the target species. Method selection will ultimately be restricted by budget, logistics, politics involving the live-capture of turtles and research questions, and a compromise of these factors might be necessary.
Green turtles inhabiting Tan-awan displayed consistent recruitment over time with no sign of an asymptote, indicating an open population. The ex -tended residency and strong site fidelity displayed by turtles at Tan-awan is considerable (> 6 yr), highlighting its importance for the estimated ~100 turtles utilising the site. The LIR used here estimated low mortality or permanent emigration rates, and residency within the site >10-fold over time spent outside. At any one capture opportunity, individual turtles spend a mean ~56 d within the site with excursions outside of < 5 d, suggesting the survey site does not fulfil 100% of the turtles' habitat needs (Whitehead 2001) . The LIR showed that some turtles are indeed long-term residents (i.e. never reaching zero), yet some do leave the study site. The model cannot accurately estimate the LIR past the empirical data set (~6.5 yr; Whitehead 2001) . The risk of anthropogenic factors, including fishing pressure and pollution, to long-term resident animals is much greater, and management intervention is necessary (Stacey & Taper 1992) . Understanding these relationships in immature green turtles with foraging habitats during their developmental years (Meylan et al. 2011) has been highlighted as one of the priority areas of research for this Endangered species (Wildermann et al. 2018) . Conservation objectives should focus on determining areas of importance for juveniles, as they comprise the major part of the population, and thus, its recovery potential (Heppel et al. 1996) .
We recorded the behaviour of green turtles before and after collecting photo-ID data to understand changes to their behaviour, given the lack of in-water behavioural data on turtles. Overall, we found that turtles changed behaviour in 25% of encounters. Although we did not determine whether these changes were positive or negative, it is important baseline data to consider when designing guidelines for monitoring, including participatory science and in-water interactions with these animals. Hayes et al. (2017) found that recreational divers may negatively impact hawksbill turtles Eretmochelys imbricata, at least on a short-term scale, similar to that observed by Araujo et al. (2017) for whale sharks. It does, however, remain unclear whether these short-term impacts on wildlife might lead to long-term implications. Marine wildlife tourism has one of the highest growth rates in the tourism industry (Cater & Cater 2007) , presenting both opportunities (e.g. Huveneers et al. 2017 ) and threats to target species and their habitats (e.g. Orams 2000 , Higham et al. 2016 ). Photo-ID has been successfully employed to engage the general public in monitoring of marine animal populations (e.g. whale sharks; Norman et al. 2017) , although the implications of doing so are seldomly discussed. For turtles, in-water behavioural observations are limited and thus the design of accurate guidelines is not yet possible, although precautionary measures based on existing data are recommended (Griffin et al. 2017 ). We used a minimum distance of 2 m between researcher and turtle that yielded a 25% change in behaviour. Perhaps more studies on the minimum flight distance of green turtles to swimmers could help design guidelines, as could multi-sensory tags that record pitch and roll to estimate energetics of turtle responses to swimmers. These are important points to consider as 2 major turtle-based tourism sites have been recently developed in close proximity to Tan-awan, at Panglao and Apo Islands (see Fig. 1B ).
CONCLUSIONS
Juvenile green turtles settle in neritic habitats where seagrass or algae appears to be the predominant food source. There is a need to further investigate immature turtles and their habitats, and this study has provided a variety of methodologies that can be employed to do so. Although stereo-photogrammetry produces accurate measurements, costrelated constraints are still considerable; however, development of open-access software and the lowercost camera systems will make this accurate technology more accessible. Photo-ID can be reliably used for green turtles for at least 11 yr (Carpentier et al. 2016 , Ponzo et al. 2018 , and as such it is a useful and accessible technique for monitoring immature aggregations. It is imperative that habitats where immature turtles are spending considerable amounts of time are identified and properly protected to safeguard the species' recovery, as this life stage makes up the major proportion of the population. Understanding where these immature turtles come from is also a key conservation question that can be elucidated by long-distance telemetry and genetic studies.
Our behavioural observations of green turtles' reactions to swimmers are only preliminary, and more research is needed as tourism with turtles develops locally and elsewhere. This, coupled with continued monitoring using photo-ID, can help manage turtles and their habitats on a localised level that can be used to inform management at other sites.
